The spectral characterization of 2,5-Dichloro aniline (2, 5 DCA) were carried out by using FT-IR, FT-Raman, the NMR and UV-Vis spectroscopic techniques. The simulated vibrational spectra of the molecule are compared with the experimental spectra. The structural optimization has been performed on the title molecule using HF and density functional theory (DFT) with basis sets 6-31+G(d,p) and 6-311++G(d,p 
I. Introduction
Aniline and its derivatives are widely used in chemical dye industries, to manufacture nano cables in electronic industries, pesticides and also used for several industrial and commercial purposes [1] . Aniline is used in the chemical industry for the synthesis of many compounds such as dye antioxidants, drugs, rubber accelerators etc. Some of the derivatives of aniline molecules are used as local anaesthetics, since the amino group in these molecules plays an important role in the interaction with the receptor. The investigation of the molecular properties and the natures of chemical reaction of Aniline and its derivatives are of great importance. Hence, the study on the molecular structures and the spectral investigation of aniline and substituted anilines are carried out increasingly. The substitution of two chlorine atoms in aniline and the enhanced interaction between the aromatic ring, chlorine atom and the amino group affects the charge distribution in the molecule. This greatly leads to variations in the structural, electronic and vibrational properties [2] . Because of their spectroscopic properties and chemical significance, various spectroscopic studies of halogen and methyl substituted molecules were reported in many literatures [3, 8] .
Therefore, a complete spectroscopic study of the molecule 2,5 DCA has been reported using Ab initio HF and DFT (B3LYP) Calculations. The vibrational assignments and the molecular, thermodynamic properties of 2, 5-DCA was discussed and interpreted.
II. Experimental Details
The molecule 2,5DCA is purchased from Sigma-Aldrich chemicals, USA and it was used for the present investigation. The FT-IR spectrum in the range of 4000-400 cm -1 was recorded using KBr pellet technique with a FT-IR-Shimadzu spectrometer. The spectrum was recorded in Central Instrumentation facility, Pondicherry University. FT-Raman spectrum of the compound was also observed using Bruker IFS 66v spectrophotometer equipped with a FRA 106 FT-Raman module accessory in the region 100-4000 cm -1 . The FT-Raman spectrum was recorded in the same laboratory. The UV-Vis absorption spectrum of 2,5 DCA was recorded in the range of 200-500 nm using a Shimadzu -2600 spectrometer in the Department of Chemistry, Jamal Mohamed College, Thiruchirappalli, Tamilnadu.
III. Results And Discussion

Molecular Geometry:
The total energy, zero point vibrational energy, rotational constant and entropy obtained by the DFT structure optimization based on B3LYP/6-311++G basis set of 2,5-DCA is listed in Table 1 .The optimized molecular structure of the molecule belonging to Cs point group symmetry is depicted in Fig.1 . The title compound has two chlorine atoms and amino group connected with Benzene ring. The parameters namely bond lengths, bond angles and dihedral angles at HF/ 6-31+G and B3LYP/ 6-311++G (d, p) levels are given in the Table . 2. These calculated data of 2, 5-DCA are compared with the experimental data of aniline and Nitro aniline. Table 1 The calculated total energy (a.u), zero point vibrational energies (Kcal/mol), rotational constants (GHz) and entropy (cal/mol K -1 ) for 2,5 DCA. Table 2 , it is evident that majority of the bond lengths are slightly more than the experimental values. Many authors [11, 12] investigated the variations in the wave numbers or C-H bond length due to distribution of charge on the carbon atom of the benzene ring. The substitution of a halogen for hydrogen in benzene ring decreases the electron density at the ring carbon atom. To verify this, the C-H and C-Cl bond lengths were compared with the respective experimental values of Aniline and Nitro aniline [13] . The average values of bond lengths of C-C and C-H calculated by HF method are 1.387 and 1.074 Å, respectively. Also that by B3LYP method is 1.395 and 1.082 Å, respectively.
Parameters
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The benzene breakdown due to the elongation of C1-C2 (~1.40 Å) and C1-C6 (~1.40 Å) from the remaining C-C bond lengths (~1.39 Å) for the B3LYP/6-311+G (d, p) method. The negative deviation of C2-C1-C6 (117•) and positive deviation of C1-C2-C3 (121°) from the normal value of 120° shows that the benzene ring is slightly distorted. The C-N bond distance of 1.3823 Å by B3LYP/ 6-311+G (d, p) method shows just 0.02 Å smaller than the experimental value of 1.402 Å, for Aniline [13] . This is probably due to the electron withdrawing property of chlorine. Substitution of chlorine atoms at the position of the hydrogen atoms in the ring reduces the electron density at the ring attached to N. Thus, the attraction of ring carbon atom is more on the valence electron cloud of nitrogen atom, causing increase in C-N force constant and decrease in the corresponding bond length.
The C-Cl bond length increases when the H atom is replaced by Cl atom. This is observed even in benzene derivatives [14] . The C2-Cl10 bond length is found to be 1.7467 Å (HF) and 1.7627 Å (B3LYP). The C5-Cl11 bond length is found to be 1.7414 Å (HF) and 1.7591 Å (B3LYP). G.D.Lister et al. [13] calculated this bond length to be 1.784 Å for Aniline by using force field calculations.
Vibrational assignments
The title molecule has 14 atoms and has 36 normal vibrational modes. The modes that are in the plane of the molecule are represented as A' and out of plane as A'' Thus the 36 normal modes of vibrations are distributed as Γvib = 24 A' + 12A'' (1) To study the vibrational assignment of the molecule, the TED calculation is performed and is compared with theoretically scaled wave numbers by B3LYP method. The theoretical and experimental infrared and Raman spectra of 2,5-DCA was shown in Fig.2 and 3 respectively. The observed, scaled theoretical frequencies, the IR Intensities and Raman Activities using DFT (B3LYP) with 6-311++G(d,p) basis set with TEDs were listed in Table 3 . 
C-H vibrations
In aromatic hydrocarbons, various C-H stretching vibration usually appear in the region 3100 -3000 cm -1 [15] [16] [17] . In 2,5 DCA, three bands at 3221, 3194 and 3188 cm -1 in the IR region were assigned to C-H ring stretching vibrations. The respective calculated unscaled values are 3216, 3196 and 3188 cm -1 . It is evident that all the C-H stretching vibrations in IR region appear in the higher frequency range due to chlorine atom and nitrogen atom. The C-H in-plane bending vibrations in both FT-IR and Raman fall in the region 1290-900 cm -1 . The modes at 1516, 1471, 1354, 1277, 1207 and 1117 cm -1 are due to C-H in-plane bending vibrations. The modes at 1516, 1471 and 1354 cm -1 are outside the expected range, due to Cl atom and NH 2 group. The band at 1516 cm -1 is described as a mixed mode (mode no.28) with PED 16% and 1471 cm -1 (mode no.27) with TED 21%. From TED calculations it is observed that all six C-H in-plane bending vibrations are described as mixed modes. Compared with the theoretically computed unscaled frequencies by B3LYP/6-311++G (d, p) method for C-H in-plane bending vibrations, the corresponding observed vibrations are obtained in the higher frequency end except the value at 1516 cm -1 .This is because of the chlorine atom and nitrogen atom. For the mode no.24 which has IR band at1277 cm -1 , Raman band is also produced at 1266 cm -1 . The C-H out-of-plane bending vibrations of Aniline derivatives appear in the range 1000-675 cm -1 [18] [19] [20] . In this title compound, one IR band at 944 cm -1 is observed as C-H out-of-plane bending vibrations. This C-H out-of-plane bending vibration agrees well with the literature values and also well supported by TED values.
Ring vibrations
The ring C=C and C-C stretching vibrations, mostly appear in the region 1200-1625 cm -1 [21] . The C=C stretching vibrational mode of the present compound are observed at 1638, 1597, 1516, 1471 and1399 cm -1 in the IR region. All these assignments coincide well with the literature data and calculated unscaled values. The bands at 1277,1207 and 1117, 1084 and 1066 cm -1 are due to C-C stretching vibrations. The C=C stretching vibrations, shifts to the higher wave number range and it is due to the presence of NH 2 atoms. There is a considerable decrease in wave numbers of C-C stretching vibrations, when compared to literature values. The βC 4 C 5 C 6 (27) CCC in-plane bending mode in FT-IR region is observed at 959 cm -1 (mode no.18) and that corresponding to calculation is 913 cm -1 . The βC 1 C 2 C 6 (26) and βC 2 C 3 C 4 (16) vibrations are observed at 580 cm -1 in FT-Raman and the corresponding calculated value is 580 cm -1 (mode no.12). The βC 4 C 5 C 6 (14) and βC 4 C 3 C 2 (30) vibrations is observed at 705 cm -1 (mode no.14) in FT-Raman region and the βC 1 C 2 C 6 (26) vibration is observed 521 cm -1 (mode no.11) in FT-IR region and the respective theoretical value is 545 cm -1 . Also the βC 6 C 5 C 4 (25) vibration is observed in FT-Raman region at327 cm -1 and that of the calculated value is 326 cm -1 (mode no.6). The CCC in-plane bending vibrations are in excellent agreement with the literature data [22] .
The CCC FT-IR twisting vibrations are observed at 1010,620 and297 cm -1 and the respective calculated values are 944, 604 and299 cm -1 (mode nos.19, 13 and 5). The τC 3 C 4 C 5 H 7 (50) and τH 8 C 4 C 5 C 6 (27) vibrations also contributes to the mode no.19.The τH 8 C 4 C 5 C 6 (16) and τC 2 C 3 C 4 C 5 (15) contributes to wave number 620
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N-H vibrations
In aromatic compounds, N-H stretching vibration mostly occur in the region 3500-3300 cm −1 . The anti symmetric NH 2 stretching vibrations is observed in the range 3500-3420 cm -1 , while the symmetric stretching appeared in the range 3420 -3340cm −1 [23] [24] [25] [26] . The two NH 2 anti symmetric stretching vibrations are observed in IR spectra at 3699 and 3576 cm -1 , respectively in this study. The theoretical values are 3688 and 3582 cm -1 (mode no.36 and 35) respectively. The TED of both of these modes is contributing 99% for the anti symmetric NH 2 stretching vibrations. The assignment proposed in this case is in line with the earlier works and it is a unique occurrence of NH 2 .
For aromatic compounds, the in-plane bending deformation vibration of the NH 2 group appear in the region 1650-1580 cm -1 [27] . Two bands are observed in this case in IR region at 1665 and 1638 cm -1 (mode no.31 and 30) for this NH 2 in-plane bending. The out-of-plane NH 2 deformation vibration is usually observed in the region 775 -660 cm 1 [28] . The NH 2 deformation is found at 847 cm -1 (mode no.17) in this study. The wave number value of this vibration is higher than the literature value, and it may be due to the substitute of Cl atom. Also the modes observed at 738 and 479 cm -1 (mode no.15 and 10) are attributed toNH 2 twisting vibration and the corresponding theoretical value is 734 and 476 cm -1 . The rocking mode (mode no.21) is also observed at 1084 cm -1 in the FT-IR region. Also all the assignments of NH 2 group are in line with the literature data (23-26).
Carbon-nitrogen vibrations
The C-N stretching vibrations of amino group appear in the region 1382-1266 cm -1 [29] [30] [31] .The FT-IR C-N stretching band is observed at 1277 and 1354 cm -1 and the FT-Raman at 1266 cm -1 . These assignments agree well with the reported values. The TED calculation of C-N stretching predicts that, these modes are mixed modes. The twisting mode of C 6 C 1 N 12 H 9 is observed at847 cm -1 in FT-IR region with TED value of 77% and it is a pure mode (mode no.17).
C-Cl vibration
According to earlier works [32] [33] [34] [35] , strong characteristic absorptions due to the C-Cl stretching motion are found at 1066, 959 and 521 cm -1 in FT-IR (mode no.20, 18 and 11) and in FT-Raman at 580 cm -1 (mode no.12).They are produced as a mixed mode because of the substitution of heavy atoms. But the C-Br stretching vibration gives generally strong band in the region 650-485 cm -1 [36] [37] [38] . The bands appearing at 280 and 224 cm -1 (mode no.4&3) are due to C-Cl in-plane vibration.and the out-plane of C-Cl is observed at 297,197 and 100 cm -1 (mode no.5,2&1). This observation indicates that the C-Cl in-plane and out-plane bending vibrations are deviated appreciably and influenced by the substitution in the ring.
Homo-Lumo analysis
The highest occupied molecular orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs) are called frontier molecular orbitals. The HOMO-LUMO are the main orbitals responsible for chemical stabiity. The HOMO energy describes the ability to donate an electron and LUMO energy describes the ability to obtain an electron. The orbital gap between HOMO and LUMO is an important parameter in determining the molecular chemical stability [39] , Optical properties [40] and biological activity [41] , Kinetic stability and chemical softness-hardness of a compound. The chemical hardness is a good indicator of the chemical stability. The small orbital gap of the molecule is associated with high chemical reactivity and low kinetic stability.
The HOMO-LUMO orbitals of 2,5 DCA calculated in gas phase using B3LYP/6-311++G(d,p) is shown in Fig.4 . In addition, HOMO-2, HOMO-1, LUMO+2 and LUMO+1 molecular orbitals were represented in the Fig .4 . The calculated energy values of HUMO, HOMO-1 and HUMO-2 are -6.2667 eV,-7.0563eV and -8.6288 eV respectively. The calculated energy values of LUMO, LUMO-1 and LUMO-2 are -0.9901 eV,-0.5518eV and -0.4233 eV respectively. The energy gap value between the HOMO and LUMO is 5.2766 eV.
The green and red colors represent positive phase and negative phase respectively. It is clear from the figure that, the LUMO of the compound represents charge density localized on the ring, but HOMO represents charge distribution on the entire molecule. Both the HOMO and LUMO are mostly antibonding type orbitals. 
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Global softness and Local region reactivity
Molecular charge distribution, molecular orbital surfaces and Homo-Lumo energies are used as reactivity descriptors in DFT study. Besides these reactivity descriptors, there are a set of the chemical reactivity descriptors of molecules [42, 43] and they are calculated using koopman's theorem for closed-shell molecules as follows: The global hardness of the molecule is the measure of resistance of an atom to a charge transfer and is given by:
The chemical potential of the molecule is: μ = -(I+A)/2 (3) The global softness of the molecule describes the capacity of an atom or group of atoms to receive electrons and is defined by: S=1/2η (4) The electro negativity of the molecule is the measure of ability of an electron or group of atoms to attract electrons towards it and is given by:
The electrophilicity index of the molecule is:
A high value of electrophilicity index describes a good electrophile, while a small value of electrophilicity index describes a good nucleophile. Where A is the ionization potential and I is the electron affinity of the molecule. I and A can be defined through HOMO and LUMO orbital energies as I=-E HOMO and A=-E LOMO .The electron affinity I and Ionization potential A of the molecule 2,5 DCA is calculated by basis set B3LYP/6-311++G(d,p). The values of the softness, hardness, chemical potential, electro negativity and, electrophilicity index of the molecule is calculated as 0.1895 eV -1 , 2.6383eV, -3.6284eV, 3.6284eV, and 2.4950eV respectively. The soft molecule has a small HOMO-LUMO gap and that of the hard molecule is large. The hard molecules are not easily polarizable than soft one, since they require more energy to excite the levels.
Spectroscopic Investigation (FT-IR, FT-RAMAN, UV and NMR) Fukui indices are measurement of chemical reactivity, indicator of reactive regions and the nucleophilic and electrophilic reaction of the molecules. The regions of the molecule where the fukui function are large are chemically softer than the regions where the fukui function is small. It is also used to recognize the electron acceptor center and donor centers. If f+ for any given site is positive, then it is the preferred site for nucleophilic attack and the negative value of f-implies electrophilic attack.
The fukui function for addition of electron to a molecule is given by:
The fukui function for removal of electron from a molecule is given by:
f-(r) = ρ N (r) -ρ N-1 (r) (8) The f + function represents the initial part of a nucleophilic reaction. The f-, on the other hand, represents the initial part of an electrophilic reaction. The fukui function (f), global and local softness (S) and global and local electrophilicity index (ω) of 2,5 DCA is presented in Table 4 .From the Table, it is seen that the atoms C1,C3 and C6 are good nucleophiles having negative local electrophilic index ∆ω and they are ready to donate electron pair to form a bond. That is they are ready for electrophilic attack. The atoms C2,C4 and C5 are good electrophiles having positive local electrophilic index ∆ω and they are ready to accept electron pair to a form a bond. That is they are ready for nucleophilic attack. Also the Gauss sum 2.2 program is used to calculate the group contribution to molecular orbitals and to represent the density of states DOS spectrum of 2,5 DCA. It is shown in Fig.5 . The spectrum is used to explain the contribution of electrons to the conduction and valence band. The spectrum gives idea about how many states are available at certain energy states. The lines at the starting end of the energy axis of the plot that is from -20 ev to -5 ev, are called filled orbital and from -5 ev to 0 ev, are called virtual orbital. The virtual orbital are not occupied and are also called acceptor orbital, whereas the filled orbital are called donor orbital. A high intensity DOS at a specific energy levels means that there are many states available for occupation. A DOS of zero intensity represents that no states can be occupied by the system. The variation in the peak height indicates the movement of electrons between the C=C and C-C in the ring of the molecule. The molecular electrostatic potential (MEP) is a useful descriptor in understanding sites for electrophilic attack, nucleophilic attack and the hydrogen bonding interactions. The MEP of 2, 5 DCA is illustrated in Fig. 6 . The molecular electrostatic potential is the potential energy of a proton at a particular position near a molecule. Negative electrostatic potential corresponds to a attraction of the proton by the concentrated electron density in the molecules (from lone pairs, pi-bonds, etc.). It is represented in shades of red colour. Positive electrostatic potential corresponds to repulsion of the proton by the atomic nuclei in regions where low electron density exists and it is colored in shades of blue. If the surface is largely white or lighter color shades, the molecule is mostly non-polar [44] [45] [46] . Also the 3D plots of total electron density, alpha density and electrostatic potential ESP is shown in Fig.6 In the color scheme for the MEP surface, red represents electron rich, partially negative charge: blue correspond to electron deficient, partially positive charge: light blue for slightly electron deficient region; yellow for slightly electron rich region; green for neutral, respectively. The electrostatic potential increases in the order as red< orange<yellow<green<blue. In the MEP map of the title molecule, the regions around the electronegative atoms CC group, chlorine and nitrogen atoms are represented as negative potential (red) and the regions hydrogen atoms are positive potential (blue). The H atoms indicate the strongest attraction and the Cl and N atoms indicates the strongest repulsion with other atoms.
Molecular Electrostatic Potential
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Thermodynamic Properties
On the basis of vibrational analysis at G09 on B3LYP/-311G++(d,p) bsis set, the standard thermodynamic functions namely, heat capacity (C), entropy (S) and enthalpy changes (H) for the 2,5 DCA were obtained and are listed in Table 5 . The comparative graph of heat capacity (C), entropy (S) and enthalpy changes (H) for 2,5 DCA was shown in Fig. 7 . From Table 5 , it can be observed that these thermodynamic functions are increasing with increase of temperature from 100 to 1000 K, since the molecular vibrational intensities are increasing with temperature [47, 48] . All these functions were calculated in gas phase and they could not be used in solution. Further, these thermodynamic data are providing supportive information for future study of 2,5 DCA and can be used to compute other thermodynamic energies according to the law of thermodynamics. Table 5 The specific heat capacity C, entropy S and enthalpy changes ΔH of 2,5 DCA 
Atomic Charge
In the application of quantum chemical calculation, the atomic charges play an important role, since atomic charges affect the dipole moment, molecular polarizability, electronic structure and a lot of electronic properties of systems. The atomic charges were calculated at HF and B3LYP/6-311++G(d,p) basis set level for comparison and are listed in Table 6 and the mulliken atomic charges plot for 2,5 DCA is plotted in Fig.8 . This study shows that some carbon atoms have most positive and negative charges and hydrogen atoms all most positive charges. In this Table 6 , it is seen that the nitrogen atom has small negative charge for both basis sets. For the HF calculation, the H 8 and H 9 atoms shows the higher positive charge. The C 1, C 3 C 4 and C 5 atoms have highest negative charges and C 2 and C 6 atoms have highest positive charge. The same result is obtained for B3LYP calculation except for C 5 atom which is positive. From the calculated atomic charges of Aniline, the charge of C1 atom is 0.5452 e -and that of the title molecule is -0.93747 e - [49] . The increase in negative charge is because of the presence of two chlorine atoms and NH 2 group and thus it leads to the redistribution of electron density. 
Spectroscopic Investigation (FT-IR, FT-RAMAN, UV and NMR), NBO, NLO Analysis and Fukui
NLO Properties
The molecular electronic dipole moments μ(Debye), Polarizability (α 0 ) and first order hyperpolarizability (β 0 ) values of 2,5 DCA calculated using B3LYP/with two different basis set was listed in Table 7 . The first order hyperpolarizability is a tensor represented by 3X3X3 matrix. The output from the above basis set provides 3 components of dipole moment namely μx, μy, μz, 6 componenets of polarizability α and 10 components of hyperpolarizability β. From these values, the total dipole moment μ , Polarizability (α 0 ) and hyperpolarizability (β 0 ) values can be calculated using the following equations: 311G(d,p) method. The magnitude of the molecular hyperpolarizability β 0 , is one of important key factors in a NLO system. From these results, it is clear that the value of hyperpolarizability of the molecule under study is greater and this leading to more attractive molecule for future NLO studies.
Table 7
The molecular electric dipole moments μ(Debye), Polarizability (α 0 ) and hyperpolarizability (β 0 ) values of 2,5 DCA. esu): esu-electrostatic unit
Spectroscopic Investigation (FT-IR, FT-RAMAN, UV and NMR), NBO, NLO Analysis and Fukui
UV-Analysis
The UV-Vis absorption spectrum of 2,5 DCA is recorded in the range 200-800 nm. Aniline has strong UV-Vis absorption at 232 nm and 285 nm. The UV-Vis spectral analyses of the molecule have been investigated in Gas phase, Chloroform and DMSO by, TD-DFT/B3LYP/6-311++G(d,p) calculations. The electronic transitions and the corresponding excitation energies for the three phases are presented Table 8 . It is obvious that, , the calculated absorption maxima values have been found to be 260, 236 and 223 nm for gas phase, 260, 236 and 223 nm for chloroform and 259, 235 and 222 nm for DMSO method. This shows that, the calculations performed at gas phase and chloroform is identical. The corresponding value for DMSO is closer to that of other two. Comparing the corresponding calculation of 2,4,5-Trichloro Aniline, this structure allow strong π-π* transition in the UV-Vis region with high oscillator strengths and low absorption wavelength for all the three phases. Thereby giving rise to significant electronic properties. The experimental UV-Vis absorption spectrums of 2,5 DCA was depicted Fig.9 . 
IV. NBO Analysis
Natural bond orbital analysis is used for understanding the charge transfer interactions between the bonds. The Lewis and Non-Lewis NBO assessment of 2,5 DCA is as shown in Table 9 . The NBO calculation was performed for the molecule at B3LYP/6-311++G(d,p) level.This interaction energy gives the estimate of the off-diagonal NBO Fock matrix elements F(i,j). It is deduced from the second-order perturbation approach [50, 51] . The large value of interaction energy E(2) reveals that the interaction between Lewis and Non-Lewis bond is strong and hence the conjugation of the system is greater.Delocalization of electron density between bond or lone pair NBO orbitals and anti bond or Rydberg NBO orbitals correspond to a stabilizing donor-acceptor interaction. Fig.9 experimental UV spectrum of 2,5 DCA Table 9 The second-order perturbation interaction energy E(2) and the off-diagonal NBO Fock matrix elements F(i,j) of 2,5 DCA. The strong intramolecular interaction are formed by the orbital overlap between σ (C-C), σ*(C-C), σ (C-N), σ*(C-N), σ (C-Cl), σ*(C-Cl) and π(C-C),π*(C-C) bond orbitals. This leads to intramolecular charge transfer (ICT) and thereby causing stabilization of the system. These intramolecular charge transfer (σ→ σ*, π →π*) will cause large nonlinearity of the molecule. The strong intramolecular hyper conjugation interaction of the σ and π electrons of C-C and C-N to the anti C-C, C-H, C-N and N-H bonds, give rise to the stabilization of some part of the ring as evident from Table 9 . The interaction of the σ electron of (C1-C6) distribute to σ* (C1-C2), (C2-CL10), (C5-C6), ( C5-CL11 )and (C6-H9) of the ring. Also, the π bond of C1-C2 in the ring transfers energy of 85.32 KJ/mol to the antibonding orbital of the π*(C3-C4) and an energy of 78.87KJ/mol to the antibonding orbital π*(C5-C6). The intra-molecular interaction is formed due to the orbital overlap of π (C5-C6) with π*(C1-C2) π*(C3-C4) with energy of 85.35 and 76.4 KJ/mol respectively. Also the π (C3-C4) interacts with π*(C1-C2) and π*(C5-C6) with energies of 76.19 and 85.02 KJ /mole respectively. Apart from π-π*, σ-σ* and π*-π*interactions, n-σ*, n-π*and σ-π* interactions also occur in the hyper conjugative interactions of 2,5 DCA. There by predicting the charge transfer between lone pair bonds and acceptor bonds with in the molecule. (FT-IR, FT-RAMAN, UV and NMR) The more energy transfer takes place during π to π* transition rather than σ to σ*. The maximum stabilization energy E(2) associated with hyper conjugative interaction π(C 5 -C 6 )→π*(C 1 -C 2 ) is obtained as 85. 35 KJ/mol, which is due to two chlorine atoms attached with C 2 and C 5 atoms.
Spectroscopic Investigation
NMR Spectra Analysis
NMR analysis is used to elucidate the molecular structure and the types of atoms in a sample. It is also used to predict details about the composition of atoms and chemical environment of atoms in the molecule. In nuclear magnetic resonance (NMR), the chemical shift is the resonant frequency of a nucleus from that of a standard molecule with application of a magnetic field. The 1 H and 13 C NMR chemical shifts calculated by applying B3LYP /6-311++G (d,p) levels was summarized in Table 10 C chemical shift results of 2,5 DCA are higher than that of the experimental data of 2,4,5-TrichloroAniline molecule. This shows that the atoms are more deshielded by their electrons.That is, the electron density decreases due to the presence of electronegative atoms N and Cl. Thus the nucleus experiences high external field and a high frequency to achieve resonance and therefore shifing to higher ppm. It is also found that the H13 and H14 atoms experience lower external field and thus low frequency to achieve resonance. This is called shielding and the corresponding shift decreases. 
V. Conclusions
The detailed spectral investigation of the molecule 2,5 DCA have been carried out and interpreted. The optimized structural parameters were calculated using HF/B3LYP method with 6-31+G (d, p) and 6-311++G (d, p) basis sets. The calculated bond parameters were found to agree with the literature XRD data of Aniline and Nitro Aniline. From the order of bond length, it is noted that the benzene ring is little distorted from perfect hexagonal structure, which is naturally because of the substitutions of NH 2 group and chlorine (Cl) atom in the place of H atoms in the C-C ring. The extension of bond length in the C-Cl bond is found greater than that in C-N bond. The result obtained from the TED analysis clearly explains the vibrational assignment of all functional groups and also the influence of C-Cl, the NH 2 group on the benzene ring were discussed. Therefore, it was found that these assignments showed small deviations from the experimental values.
Investigations throughout the work prove that the NLO, HOMO-LUMO energy analysis, MEP, Mulliken charges and all other , molecular parameters of the molecule 2,5 DCA can be successfully predicted by DFT method .The HOMO-LUMO energy gap indicates the stability and reactive site of the title molecule. The excellent agreement between the UV-Vis, absorption maxima and calculated electronic absorption maxima are found. The donor-acceptor interaction, as obtained from NBO analysis could fairly explains the decreases of occupancies of σ bonding orbital and the increases of occupancy of π* antibonding orbital's. The visual display of FMOs, ESP, ED, MEP examined, discusses the charge distribution and interaction within the molecule.
To sum up, the negative region (red) is mainly over the N and Cl atomic sites, which were caused by the contribution of lone-pair electrons of nitrogen and chlorine atom while the positive (blue) potential sites are around the hydrogen atoms. The MEP study is confirmed with the findings of the local reactivity and Fukui indices. Also, the value of hyperpolarizability of the molecule under study is greater and thus giving rise to more attractive NLO properties for future studies. The NMR study clearly explains how a particular atomic nucleus respond to the application of external magnetic field and able to predict the nature and characteristics of atoms present in the molecule. From the literature study of related molecules, it was found that the chemical shift data of 2,5 DCA are more than that of Aniline.
